A total of 9 patients with aortic insufficiency were found among 44 cases of aortitis syndrome, representing an incidence of 20%. Clinical and laboratory findings were analyzed. Perusal of world literatures showed 31 similar cases in total, which were reviewed and a hypothesis for the mechanism of production of aortic insufficiency was proposed.
A total of 9 patients with aortic insufficiency were found among 44 cases of aortitis syndrome, representing an incidence of 20%. Clinical and laboratory findings were analyzed. Perusal of world literatures showed 31 similar cases in total, which were reviewed and a hypothesis for the mechanism of production of aortic insufficiency was proposed. combination, to emphasize the high incidence of aortic insufficiency among cases of aortitis syndrome, to notify an unexpectedly high proportion of aortitis among various etiologies of aortic insufficiency, and finally to discuss the pathogenetic possibilities of aortic insufficiency associated with aortitis syndrome.
MATERIALS AND METHODS
During a period from April 1958 to March 1966, a total of 44 cases of aortitis syndrome have been collected, among which 9 cases were complicated with aortic insufficiency, corresponding to about 20% of the total cases of aortitis. Two previously reported cases7) were included in this study.
The group comprised 2 males and 7 females, of whom ages ranged from 21 to 68 years old. Diagnosis of aortitis syndrome was based on the following criteria. 1) Narrowing or obstruction of the aorta and its main branches, manifested by diminution or absence of pulses, lowered blood pressures in these arteries, vascular stenosing murmurs, and their verification by aortography. 2) Evidence of systemic inflammation, such as slight fever, increased white blood cell count, increased erythrocyte sedimentation rate, positive C-reactive protein and elevated antistreptolysin-O titer. 3) Presence of anti-aorta antibody in the serum. 17) Diagnosis of aortic insufficiency was made by auscultation of a high-pitched diastolic murmur, audible maximally at the Erb's area, which was recorded by phonocardiogram in 8 cases. The ascending aorta was opacified and evaluated by aortography in 4 and a trial to show regurgitation into the left ventricle was made in one.
RESULTS
The history, clinical findings and laboratory examinations are listed in Table I . The age of occurrence of initial symptoms ranged from 15 to 47, and the age of first documentation of aortic insufficiency was 21 to 59 years old, showing an interval of about 10 years. Although initial symptoms were variable, 4 cases showed cardiac symptoms including dyspnea, palpitation and chest pain. There were no histories of rheumatic fever or syphilis. During the whole follow-up period, 3 patients noted severe chest pain. Congestive heart failure occurred in 2, and both of them died. One of them died of congestive heart failure, while the other died of suicide.
Hemoglobin content ranged from 67 to 97% (Sahli); erythrocyte sedimentation rate was 10 to 123 mm./hour, with an average of 61 mm./hour; white blood cell count was 4,900 to 12,000; serum cholesterol level ranged from 144 to 334 mg./100 ml.; total protein was 7.4 to 8.4 Gm./100 ml.; and A/G ratio was 0.6 to 1.67. C-reactive protein was positive in 5 of 8 cases examined and ASLO titer was elevated (2,500 and 500) in 2 of 5 cases examined. Sero-logical test for syphilis was negative in all cases except for 1, in which FTA (fluorescent treponema antibody) and RPCF (Reiter protein complement fixation) were positive. A high titer of anti-aorta antibody in the serum was detected in 5 of 7 cases examined.
The results of cardiovascular examinations are shown in Table I . Hypertension was found in 6 in the upper extremities, and in 5 in the lower extremities. When there was difference in blood pressure between the right and left arms, higher systolic pressure was accompanied by lower diastolic pressure, which was considered to be characteristic of aortic insufficiency, while lower systolic blood pressure was accompanied by higher diastolic pressure, resulting in lower pulse pressure. X-ray films of the chest ( Fig. 1 and 2 ) revealed cardiac enlargement of over 55% in the cardio-thoracic ratio in 6 cases. The other 3 cases had a cardio-thoracic ratio of 52 to 54%. This enlargement of the heart was caused mainly by enlargement of the left ventricle. Dilatation of the ascending aorta was seen in 7 cases, and calcification of the aortic wall was seen in 8 cases; 5 in the aortic arch, 4 in the descending aorta, and 1 in the ascending aorta. Electrocardiogram showed left ventricular hypertrophy in 8, left axis deviation (more than minus 30 degrees) in 2, and myocardial damage in 3 ( Fig. 3 ). high-frequency PCG Phonocardiogram ( Fig. 4 and 5) showed a high-pitched diastolic decrescendo murmur, an ejection sound and an ejection systolic murmur in the Erb's area. Single or paradoxical splitting of the second sound was found in 4 cases (Fig. 4) . In all cases aortic component of the second sound in the aortic ostium and Erb's area was markedly accentuated.
Aortography revealed moderate to marked dilatation of the ascending aorta (Fig. 6 ) in 4 of 5 cases examined. In 1 case regurgitation into the left ventricle was demonstrated (Fig. 7) . Subdivision of the aortitis syndrome based on the distribution of obstructive lesions indicated that all cases had type 1 (or aortic arch type) at least as one component.
Incidence of aortic insufficiency due to aortitis syndrome was compared with incidence of aortic insufficiency of the other origin experienced during the same period of 8 years. Table II demonstrates the etiological classification of aortic insufficiency among the patients who were admitted to the Second Department of Internal Medicine. Rheumatic aortic insufficiency showed the highest incidence, followed by syphilitic and hypertensive (relative) aortic insufficiency. The aortitis syndrome was the fourth frequency among the cases.
Pathological examination of the aortitis syndrome associated with aortic insufficiency was made only in one autopsy case (Case Y.Y.). This case was reported previously,7) but relevant additional findings will follow here. Gross findings showed marked dilatation of the ascending aorta with the circumference of about 10 cm., which is about 6 cm. in normal control. Inner surface of the aorta was not smooth, with white plaques of marked fibrosis, somewhere with calcifications.
These changes were also found in the sinuses of Valsalva and aortic cusps. There was no valvulitis in the aortic cusps. Separation of the commissures was not remarkable, but at least any fusion of cusps at the commissures was not seen (Fig. 8) . Histological examination revealed marked destruc- 
DISCUSSION
There are few reports on aortic insufficiency associated with aortitis syndrome. A total of 31 cases are shown in the Table III. Yamada et al.7) noted this complication in 2, one of which was the first autopsied case. In the same year, Castleman10) reported a case of 49-year-old woman with a clinical diagnosis of rheumatic aortic stenosis and aortic insufficiency. At autopsy (Table IV) , there was clear separation of the commissures of aortic cusps, ob- Judge12) pointed out the protean aspects of Takayasu's arteritis and reported a case of this complication with rapidly progressing congestive heart failure. A case (no. 8) reported by Danaraj5) was a Chinese girl of 18 years old, who showed severe congestive heart failure. Although murmur of aortic insufficiency was limited to the early diastole, aortography revealed a dilated aorta and regurgitation into the left ventricle. Schrire13) found complication of aortic insufficiency in 6 among 19 cases of diffuse aortic arteritis, which was designated by him. The degree of murmur was mild, implied by description as early diastolic puff. A case had a remarkable aortic dilatation and the other case showed a rupture of aneurysm of the ascending aorta at the commissures of the aortic valve at autopsy. In 1965, Ozawa et al.14) reported the complication in 6 cases. Two autopsied cases had normal aortic valves and dilatation of the ascending aorta, producing relative aortic insufficiency. Cheitlin15) reported 2 Japanese women, and noted aortic calcification in one, and myocardial infarction in the other. In Austen's case16) a possibility of Takayasu's arteritis was ruled out because of presence of aortic aneurysm. There are, however, several cases of marked dilatation of the aorta due to destruction of media in Takayasu's arteritis, which process can easily form aortic aneurysm. Also giant cell was frequently found in cases of Takayasu's arteritis. Therefore, authors included Austen's case in the review of aortitis syndrome. Among these 31 cases, 17 were Japanese and 1 was Chinese. This high incidence of this complication in the Orient might be a reflexion of the incidence of aortitis syndrome itself. The incidence of aortic insufficiency among cases of aortitis syndrome was 20 per cent in this series and 31.5 per cent in Schrire's series. These data strongly indicate that the general statement that cardiac involvement is rare in aortitis syndrome should be amended.
The case of Castleman10) was clinically diagnosed as rheumatic aortic stenosis and insufficiency. Two cases of this study was diagnosed as rheumatic aortic insufficiency, both of which rapidly progressed in the congestive heart failure and died. These facts necessitated an evaluation of aortitis syndrome from an etiological viewpoint (Table II) . Unexpectedly aortic insufficiency due to aortitis showed higher incidence than congenital (ventricular septal defect associated with aortic insufficiency) and bacterial aortic insufficiency. The authors speculate that unknown number of patients with aortic insufficiency due to aortitis might be diagnosed to be of rheumatic origin. Aortic insufficiency of rheumatic etiology is usually associated with mitral valvular disease, and isolated aortic regurgitation of rheumatic origin was found in only 9 among 112 cases. Syphilitic aortic insufficiency is isolated and was most frequently seen in ages between 40 and 69 years. Therefore, isolated aortic insufficiency in younger people with no previous history of syphilis and negative STS should be carefully examined and etiological considerations should include aortitis syndrome. A case in this series (T.N.) showed positive STS, FTA and RPCF test. She denied previous history of syphilis, her age (34-year-old) is a little too young to make syphilitic aortitis manifest, and there are almost no cases of syphilitic aortitis to obstruct both subclavian arteries. These facts rather favor a possibility of aortitis syndrome in this case.
Diagnosis of aortic insufficiency associated with aortitis syndrome is not difficult, if several points are considered. Blood pressure showed unusual patterns; pulse pressure is wide in the non-obstructed side and narrow in the diseased side. The former is characteristic of aortic insufficiency and the latter is characteristic of stenosis, which may not only become a resistance to systolic ejection, but also a resistance to regurgitation in diastole. When bilateral subclavian obstruction is present, blood pressure measurement is not indicative of insufficiency pattern as in cases Y.Y. and A.U. In such an instance, attention should be directed to peripheral circulatory signs in the lower extremities. Electrocardiogram and phonocardiogram are not specific for this complication. Important tools are chest X-ray films and aortography. High incidence of aortic calcification shown in this study emphasizes its diagnostic importance , and especially in young patients without syphilis, presence of aortitis in the past or present should be strongly considered. The second important point is dilatation of the ascending aorta, which is usually not so remarkable in rheumatic heart disease, particularly in the early period. When the murmur is mild and bilateral involvements of the subclavian arteries are present , retrograde aortography would be necessary to show regurgitation. In our studies, however, Vol. 8 No. 2 intensity of the diastolic murmur was of grade III to IV/VI which presented no difficulties in diagnosing aortic insufficiency. Difficulty was rather in the etiological diagnosis of aortic insufficiency, and the most important clue was combination of obstruction of arterial branches and diastolic murmur.
Hypertension in aortitis syndrome is usually attributed to mechanical obstruction, renal arterial narrowing and loss of elasticity of the aortic wall. The authors would like to add another possibility of aortic insufficiency as a cause of hypertension.
As to the mechanism of aortic insufficiency in this syndrome, autopsy findings from reported cases indicated the dilatation of the aortic ring, with or without separation of the commissures. Aortic cusps were normal in some, rolled up or fibrotic in the others, and interpreted as not important for the induction of regurgitation (Table IV) .
High incidence of aortic insufficiency among the patients with aortitis syndrome suggested the close relationship between these 2 conditions. Other types of aortitis, including syphilitic aortitis, rheumatic aortitis, rheumatoid aortitis with ankylosing spondylitis, and unknown aortitis reported by McGuire18) are known to cause aortic insufficiency. Syphilitic aortitis is too famous to induce aortic insufficiency. Gould19) described an incidence of aortic insufficiency in late or latent syphilis to be about 50%. There are much controversies as to the presence of rheumatic aortitis. Recently Heggtveit20), 21) discussed the characteristic intimitis with microabscesses, focal fibrinoid necrosis in rheumatic aortitis and named it panaortitis. The presence of inflammation in the intima and absence of obstruction of arterial trees are 2 differential keys from Takayasu's arteritis. Recant and Lacy discussed a case of 44 years of age which was concluded to have panaortitis.22) Rheumatoid aortitis often produces aortic insufficiency, which was first reported by Bauer, Clark and Kulka in 1951,23) followed by a number of reports.24), 25) In 1957, Clark et al. 24 ) summarized 22 cases of this type of aortic insufficiency. McGuire18) collected 5 cases of severe aortic insufficiency induced by unknown aortitis. Pathological findings were as follows: (1) wide-spread aortitis which was distributed from the aortic ring to the level of diaphragm or to the origins of the major branches of the aortic arch, (2) intimal thickening without cellular infiltration, (3) irregular rupture of elastic fibers and replacement by collagen, (4) thickening of the adventitia, and (5) separated commissures with normal aortic valve in 1 case, and thickened and shortened aortic valve in the other 4.
The mechanisms inducing aortic insufficiency were thought to be the same in these various types of aortitis; that is destruction of the medial elastic fibers, resulting in dilatation of the ascending aorta, especially the aortic ring, and separation of the commissures. Thickening of the aortic cusps, with rolling-up or shortening might contribute to the regurgitation, but it was not common finding and was considered to be not important.
From these discussions, it is conceivable that the complication of aortic insufficiency in the aortitis syndrome is not unusual, but represents one of the natural courses of this disease.
SUMMARY
Aortic insufficiency was found in 9 of 44 cases of aortitis syndrome seen during 8 years, representing a high incidence (20%), unreported previously. They consisted of 2 men and 7 women, ranging in age from 21 to 68. Two cases which developed congestive heart failure died. Blood pressure in the diseased extremity lacked the characteristic peripheral signs of aortic insufficiency. X-ray films of the chest showed cardiac enlargement, dilatation of the ascending aorta and calcification of the aortic wall. Electrocardiogram showed left ventricular hypertrophy and phonocardiogram showed diastolic decreascendo murmur in the Erb's area. Retrograde aortography showed dilatation of the ascending aorta. Distribution of the aortitis included at least an involvement of aortic arch. Etiological classification of 205 cases of aortic insufficiency revealed unexpectedly high incidence of aortitis syndrome, which occupied the fourth place following rheumatic (112), syphilitic (32) and hypertensive (25) nature.
Thirty-one similar cases were collected from the previous and the present reports and were reviewed.
Pathology of the disease revealed dilatation of the ascending aorta, and destruction of the medial elastic fibers. Mechanism of producing aortic insufficiency in the aortitis syndrome was discussed. High incidence of aortic insufficiency among the cases of aortitis syndrome, frequent occurrence of aortic insufficiency in other types of aortitis and finally the pathological findings strongly indicated that dilatation of the aortic ring due to aortitis involving the ascending aorta is the primary cause of aortic insufficiency.
